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BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a viewfinder 
optical system, and more particularly to a viewfinder 
optical system suitable for use in an optical apparatus, 
such as a video camera, a digital camera or the like, 
arranged to enable a viewfinder image (object image) 
formed as an inverted real image by an objective lens to 
be observed as a non-inverted erecting viewfinder image 
by utilizing an image inverting unit as appropriately 
set . 

Description of Related Art 

Heretofore, in viewfinder systems for optical 
apparatuses, such as photographic cameras and video 
cameras, there have been proposed a variety of viewfinder 
optical systems of the real image type in which a real 
image formed on a primary image forming plane by an 
objective lens is converted into an erecting image and 
the erecting image is viewed through an eyepiece lens. 
Such a viewfinder optical system of the real image type 
makes it easier to reduce the size of the whole optical 
system than a viewfinder optical system of the virtual 
image type. Therefore, these days, the viewfinder 
optical system of the real image type is widely used in 
cameras having zoom lenses. 

A viewfinder optical system of the real, image 
type using a Porro prism for forming a non-inverted 



erecting image has such a tendency that a part of the 
Porro .prism protrudes in the height (up-and-down) 
direction and the width (right-and-left) direction of an 
optical apparatus according to the external form of the 
Porro prism, thereby enlarging the whole viewfinder 
system. In order to shorten the total lens length of a 
viewfinder optical system according to a decrease in siz 
and thickness of the whole camera, in Japanese Laid-Open 
Patent Application No. Hei 6-167739 (corresponding to 
U.S. Patent No. 5,640,632), there is disclosed a small- 
sized viewfinder optical system in which an optical path 
leading to a primary image forming plane on which an 
object image is formed by an objective lens is bent by a 
reflecting surface and the primary image forming plane i 
thus formed inside an image inverting unit. 

Fig. 30 is a sectional view showing essential 
parts of a conventional viewfinder optical system using 
prism and a roof prism for bending an optical path 
leading to a primary image forming plane. In Fig. 30, 
reference character OL denotes an objective lens, and 
reference character P denotes a prism for forming a non- 
inverted erecting image. The prism P is composed of a 
first prism PI and a second prism (roof prism) P2 . 
Reference character S denotes a field frame, which is 
disposed within a narrow space across which an exit 
surface 13 of the first prism PI and an entrance surface 
21 of the second prism P2 are opposed to each other. A 
viewfinder image formed as an inverted real image by the 



objective lens OL is formed in the vicinity of the field 
frame S through the first prism PI. Reference character 
EL denotes an eyepiece lens, which is used for observing 
a non-inverted erecting viewfinder image into which the 
inverted real viewfinder image formed in the vicinity of 
the field frame S is converted through the second prism 
P2. 

In the viewfinder optical system shown in Fig, 
30, if it is designed to increase an angle of field, it 
is necessary to enlarge the second prism P2, so that 
there is a tendency for the size of the camera to 
increase in the thickness (depth) direction thereof. 
Meanwhile, in the viewfinder optical system, the focal 
length "fe" of the eyepiece lens corresponds to the 
length from the image forming position to the eyepiece 
lens. Then, assuming that the focal length of the 
objective lens is denoted by "fo", the viewfinder 
magnification y is expressed by the following equation: 
y = fo/fe 

Accordingly, if the second prism P2 is enlarged so as to 
increase an angle of field, an optical path from the 
image forming position to the eyepiece lens EL becomes 
longer . 

Thus, the focal length "fe" of the eyepiece lens 
EL becomes longer to decrease the viewfinder 
magnification y, so that it becomes difficult to observe 
a good viewfinder image. 

With regard to an image inverting unit which is 



small in size and is capable of enlarging an angle of 
view and a viewfinder magnification, for example, in 
Japanese Laid-Open Patent Application No* Hei 8-179400 
and Japanese Laid-Open Patent Application No. Hei 10- 
206933, there is disclosed a viewfinder optical system in 
which two prisms are disposed with. an air gap put at a 
minute interval therebetween. 

Figs. 31 and 32 show the basic construction of a 
viewfinder optical system of the real image type using a 
prism and a roof prism for bending an optical path 
leading to a primary image forming plane, which 
construction is similar to that disclosed in Japanese 
Laid-Open Patent Application No. Hei 10-206933. In Figs. 
31 and 32, reference character OL denotes an objective 
lens, and reference character P denotes a prism for 
forming a non-inverted erecting image. The prism P is 
composed of a first prism Pll and a second prism (roof 
prism) P12, and an exit surface 111 of the first prism PI 
and an entrance surface 121 of the second prism P2 are 
disposed, in parallel, with a minute air gap "d" put 
therebetween. Reference character S denotes a field 
frame, which is disposed in the vicinity of an exit 
surface 123 of the second prism P2 (on a primary image 
forming plane) . A viewfinder image formed as an inverted 
real image by the objective lens OL is converted, through 
a roof reflecting surface 122 of the second prism P12, 
into a non-inverted erecting image, which is formed in 
the vicinity of the field frame S. Reference character 




EL denotes an eyepiece lens, which is used for observing 
the non-inverted erecting viewfinder image formed in the 
vicinity of the field frame S through the second prism 
P12. 

In the construction shown in Figs. 31 and 32, a 
light flux coming from the objective lens OL passes 
through the exit surface 111 of the first prism Pll and 
the entrance surface 121 of the second prism P12 and is 
then image-inverted and reflected once toward the object 
side by the roof reflecting surface 122. The reflected 
light flux is further totally-reflected by the entrance 
surface 121 of the second prism P12, so that a viewfinder 
image is formed on the primary image forming plane in the 
vicinity of the exit surface 123 of the second prism P12. 
A reflecting member Ml is arranged to reflect a light 
flux coming from the primary image forming plane to lead 
the reflected light flux to the eyepiece lens EL. 

In the conventional viewfinder optical system 
shown in Figs. 31 and 32, the exit surface 111 of the 
first prism Pll and the entrance surface 121 of the 
second prism P12 are decentered with respect to the 
optical axis of the objective lens OL or the eyepiece 
lens EL. Further, in order to cause a light flux 
reflected from the roof reflecting surface 122 of the 
second prism P12 to be totally reflected by the entrance 
surface 121 of the second prism P12, i.e., in order to 
utilize the entrance surface 121 of the second prism P12 
both for transmission and reflection, the exit surface 
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Ill of the first prism Pll and the entrance surface 121 
of the second prism P12 are disposed, almost in parallel, 
with the minute air gap "d" put therebetween, as shown in 
Fig* 32. 

Therefore, as shown in Fig. 32, rays of light 
indicated by solid lines have the respective angles of 
refraction which differ according to the positions at 
which the rays pass through the exit surface 111 of the 
first prism Pll or according to the angles of incidence 
of the rays on the exit surface 111 of the first prism 
Pll. Accordingly, an optical path length possible within 
the minute air gap "d" becomes, for example, the length 
al or a2 (al < a2). Therefore, astigmatism, coma, etc., 
become varying with right and left sides of a view field, 
so that it becomes difficult to observe a good viewfinder 
image . 

In addition, as rays of light indicated by 
dashed lines, the surface reflection occurs between the 
exit surface 111 of the first prism Pll and the entrance 
surface 121 of the second prism P12. As indicated by the 
routes of those rays, a ray reflected by the entrance 
surface 121 of the second prism P12 is further reflected 
by the exit surface 111 of the first prism Pll and is 
then made to enter the entrance surface 121 of the second 
prism P12, thereby becoming a ghost of the ordinary ray 
indicated by a solid line, so that a double image would 
be formed. Therefore, the conventional viewfinder 
optical system has such an disadvantage as to lower the 



optical performance thereof. 

Further, such a ghost makes the width of a 
double image vary, as tl or t2 (tl < t2) , according to 
the angle of incidence of a ray on the exit surface 111 
of the first prism Pll. For example, even if a ghost of 
the double image width tl is within a permissible range 
because the air gap "d" is minute, a ghost of the double 
image width t2 is conspicuous. Thus, there is a problem 
that a difference in the double image occurs between the 
right and left sides of a view field. 



BRIEF SUMMARY OF THE INVENTION 

It is an object of the invention to provide a 
viewfinder optical system capable of making a good 
viewfinder image to be observed over the whole range of a 
field of view when an object image formed via an 
objective lens unit is converted, by utilizing an image 
inverting unit, into a non-inverted erecting image to be 
observed through an eyepiece lens unit. 

To attain the above object, in accordance with 
an aspect of the invention, there is provided a 
viewfinder optical system, which comprises an objective 
lens unit, an image inverting unit for converting an 
object image formed via the objective lens unit into a 
non-inverted erecting image, and an eyepiece lens unit 
for observing the non-inverted erecting image, wherein 
the image inverting unit comprises a first transparent 
body and a second transparent body which are disposed 
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with an interval put therebetween, the second transparent 
body having only a function of transmitting a ray of 
light, and wherein the interval between the first 
transparent body and the second transparent body is not 
uniform. 



invention, in the viewfinder optical system, at least one 
of a surface of the first transparent body and a surface 
of the second transparent body which are opposite to each 
other is a rotationally-asymmetrical surface. 



invention, in the viewfinder optical system, the first 
transparent body has a surface having only a function of 
reflecting a ray of light, and a surface having both a 
function of reflecting a ray of light and a function of 



invention, in the viewfinder optical system, the second 
transparent body has a second entrance surface for 
transmitting a light flux coming from the objective lens 
unit, and a transmission surface disposed at an acute 
angle with the second entrance surface, the first 
transparent body consists of a first entrance surface 
disposed with the interval put between the transmission 
surface and the first entrance surface and arranged to 
allow a light flux coming from the transmission surface 
to enter the first entrance surface, a reflecting surface 
arranged to reflect a light flux coming from the first 



According to a preferred aspect of the 



According to a preferred aspect of the 



transmitting a ray of light. 



According to a preferred aspect of the 
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entrance surface toward the first entrance surface, a 
total-reflection surface provided at a part of the first 
entrance surface and arranged to totally reflect a light 
flux coming from the reflecting surface, and an exit 
surface arranged to allow a light flux coming from the 
total-reflection surface to exit, and the image inverting 
unit further comprises a reflecting member arranged to 
reflect a light flux coming from the exit surface toward 
the eyepiece lens unit. 

According to a preferred aspect of the 
invention, in the viewfinder optical system, the 
transmission surface is a rotationally-asymmetrical 
surface . 

According to a preferred aspect of thye 
invention, in the viewfinder optical system^ the image 
inverting unit further comprises a reflecting member 
arranged to reflect, at least once, a/light flux coming 
from the objective lens unit, theysecond transparent body 
has a second entrance su^face^or transmitting a light 
flux coming from the ref \&ct$\q member and a transmission 
surface disposed at an ac^fte angle with the second 
entrance surface, and J^ne first transparent body consists 
of a first entrance/surface disposed with the interval 
put between the transmission surface and the first 
entrance surface and arranged to allow a light flux 
coming frorprthe transmission surface to enter the first 
entrance^urf ace, a reflecting surface arranged to 
refle^x a light flux coming from the first entrance 



surface toward the first entrance surface, a tot^l- 
reflection surface provided at a part of the finrst 
entrance surface and arranged to totally refect a light 
flux coming from the reflecting surface, aryfl an exit 
surface arranged to allow a light flux codling from the 
total-reflection surface to exit. / 

According to a preferred aspect of the 
invention, in the viewfinder opticaJVsystem, the 
transmission surface is a rotation^ily-asymmetricai 
surface. j / 

According tp^a pi^efei^red aspect of the 
invention, in the viewtiTider yoptical system, the first 
transparent body consrWts ojt a first entrance surface for 
transmitting a light flux/coming from the objective lens 
unit, a total-ref lectionr surface arranged to totally 
reflect a light flux coming from the first entrance 
surface, a reflecting surface arranged to reflect a light 
flux coming from tfefe total-reflection surface toward the 
total-reflection /surface, and an exit surface provided at 
a part of the tptal-ref lection surface and arranged to 
allow a light /flux coming from the reflecting surface to 
exit, the second transparent body has a second entrance 
surface di/posed with the interval put between the exit 
surface arcid the second entrance surface and arranged to 
allow a/ light flux coming from the exit surface to enter 
the sicond entrance surface, and a transmission surface 
disposed at an acute angle with the second entrance 
s/rface and arranged to allow a light flux coming from 



the second entrance surface to exit, and the image 
inverting unit further comprises a reflecting memper 
arranged to reflect, at least once, a light flu» coming 
from the transmission surface to lead the refl/cted light 
flux to the eyepiece lens unit. 

According to a preferred aspect o^the 
invention, in the viewfinder optical system, the second 
entrance surface is a rotationally-asyitutvetrical surface 

According to a preferred aspefct of the 
invention, in the viewfinder optical /system, the image 
inverting unit further comp^ises/a /reflecting member 
arranged to reflect, at yga&z.jsfriqfe , a light flux coming 
from the objective lens ijnitj, t^e first transparent body 
consists of a first entranYe Surface for transmitting a 
light flux coming from the Reflecting member, a total- 
reflection surface arranged to totally reflect a light 
flux coming from the finst entrance surface, a reflecting 
surface arranged to reflect a light flux coming from the 
total-reflection sur/ace toward the total-reflection 
surface, and an exi>t surface provided at a part of the 
total-reflection iurface and arranged to allow a light 
flux coming from the reflecting surface to exit, and the 
second transparent body has a second entrance surface 
disposed witan the interval put between the exit surface 
and the se/ond entrance surface and arranged to allow a 
light flipc coming from the exit surface to enter the 
second yentrance surface, and a transmission surface 
dispo/ed at an acute angle with the second entrance 



surface and arranged to allow a light flux coming frofrri 
the second entrance surface to exit to the eyepiecse lens 
unit. / 

According to a preferred aspect of th^ 
invention, in the viewf inder optical system, /the second 
entrance surface is a rotationally-asymmet^cal surface. 

According to a preferred aspect yof the 
invention, in the viewfinder optical system, the 
rotationaliy-asymmetricai surface is a surface 
symmetrical with respect to a given ^/direction . 

According to a ^preferred/ aspect of the 
invention, in the viewjidjjder o^^lcal system, when 
Cartesian coordinates Vsi^g^VY and Z axes are adopted, 
the rotationally-asymmeYrifca/1 surface is a cylindrical 
surface having a predetermined curvature in a plane 
perpendicular to the X axis and having no curvature with 
respect to a directionyof the X axis. 

According to a preferred aspect of the 
invention, in the viewfinder optical system, when 
Cartesian coordinates using X, Y and Z axes are adopted, 
the rotationall^asymmetrical surface is a toric surface 
in which a curvature in a plane perpendicular to the X 
axis differs/from a curvature in a plane perpendicular to 
the Y axis 

according to a preferred aspect of the 
inventioh, in the viewfinder optical system, when 
Cartesian coordinates using X, Y and Z axes are adopted, 
the /otationally-asymmetrical surface is a surface having 
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two curvatures in a plane perpendicular to the X axis/and 
having no curvature with respect to a direction of Jche X 
axis . 

According to a preferred aspect of the^ 
invention, in the viewfinder optical system, tl 
rotationally-asymmetrical surface has no axip of 
rotational symmetry. 

According to a preferred aspect/of the 
invention, in the viewfinder optical s^&tem, the first 
transparent body has a roof surface. 

According to a preferired aspect of the 
invention, in the view^d^l^^opti/al system, the image 
inverting unit furtheij coi^prise^ a reflecting member 
arranged to reflect a 
first transparent body 



lof Light differently from the 
id tKe second transparent body, 
and the reflecting member has a roof surface. 



According to a preferred aspect of the 
invention, in the viewfinder optical system, the image 
inverting unit furthej comprises a reflecting member 
arranged to reflect /a. ray of light differently from the 
first transparent body and the second transparent body, 
and the reflectii^g member is made from a transparent 
body. 

According to a preferred aspect of the 
invention, Jen the viewfinder optical system, the interval 
between ay^surface of the first transparent body and a 
surface Jof the second transparent body which are opposite 
to eaoh other varies monotonically . 
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According to a preferred aspect of the / 
invention, in the viewf inder optical system, each oy the 
surface of the first transparent body and the surf/ce of 
the second transparent body which are opposite tar each 
other is a plane surface. / 

According to a preferred aspect of tne 
invention, in the viewf inder optical system,/ the first 
transparent body has a surface having only/a function of 
reflecting a ray of light, and a surf ac£ /having both a 
function of reflecting a ray of light/^nd a function of 
transmitting a ray of light. 

According to a prefe^te^^Q aspect of the 
invention, in the viewfir/der optical system, the second 
transparent body has a selcond /entrance surface for 
transmitting a light flux\^p!xng from the objective lens 
unit, and a transmission sur/ace disposed at an acute 
angle with the second entrance surface, the first 
transparent body consist/ of a first entrance surface 
disposed with the intewal put between the transmission 
surface and the first/entrance surface and arranged to 
allow a light flux ycoming from the transmission surface 
to enter the firs/t entrance surface, a reflecting surface 
arranged to refiect a light flux coming from the first 
entrance surface toward the first entrance surface, a 
total-reflection surface provided at a part of the first 
entrance ^urface and arranged to totally reflect a light 
flux comng from the reflecting surface, and an exit 
surface arranged to allow a light flux coming from the 
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total-reflection surface to exit/ and the image inventing 
unit further comprises a reflecting member arranged/to 
reflect a light flux coming from the exit surface ytoward 
the eyepiece lens unit* / 

According to a preferred aspect of the 
invention, in the viewfinder optical system, /the 
transmission surface is a rotationally-asyimrietrical 
surface. / 

According to a preferred aspect of the 
invention, in the viewfinder optical ^ystem, the image 
inverting unit further comprises a Reflecting member 
arranged to reflect, at least once< a light flux coming 
from the objective lens unit, th£ second transparent body 
has a second entrance surtace yf or transmitting a light 
flux coming from the aeflectimg member and a transmission 
surface disposed at aii ac/ite angle with the second 
entrance surface, and tfie^first transparent body consists 
of a first entrance sur/ace disposed with the interval 
put between the transmission surface and the first 
entrance surface andr arranged to allow a light flux 
coming from the transmission surface to enter the first 
entrance surface/ a reflecting surface arranged to 
reflect a lighjf flux coming from the first entrance 
surface towam the first entrance surface, a total- 
reflection /surf ace provided at a part of the first 
entrance ^urface and arranged to totally reflect a light 
flux coding from the reflecting surface, and an exit 
surface arranged to allow a light flux coming from the 
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total-reflection surface to exit, 

According to a preferred aspect of tl 
invention, in the viewfinder optical system, yche 
transmission surface is a rotationally-asymjrtetrical 
surface . 

According to a preferred aspect^ of the 
invention, in the viewfinder optical s/stem, the first 
transparent body consists of a first /entrance surface for 
transmitting a light flux coming fyom the objective lens 
unit, a total-reflection surface Arranged to totally 
reflect a light flux coming from the first entrance 
surface, a reflecting surf ace/arranged to reflect a light 



flux coming from t 
total-reflection s 
a part of the total 
allow a light flux 
exit, the second tra 



^total-pef lection surface toward the 
id an exit surface provided at 
iction surface and arranged to 
coring from the reflecting surface to 
fsparent body has a second entrance 
surface disposed wi/th the interval put between the exit 
surface and the s/cond entrance surface and arranged to 
allow a light f/ux coming from the exit surface to enter 
the second entrance surface, and a transmission surface 
disposed at an acute angle with the second entrance 
surface angf arranged to allow a light flux coming from 
the second entrance surface to exit, and the image 
inverting unit further comprises a reflecting member 
arranged to reflect, at least once, a light flux coming 
from/the transmission surface to lead the reflected light 
flux to the eyepiece lens unit. 
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According to a preferred aspect of the / 
invention, in the viewfinder optical system, the aecond 
entrance surface is a rotationally-asymmetrical >surf ace . 

According to a preferred aspect of ttte 
invention, in the viewfinder optical system, /the image 
inverting unit further comprises a reflect/ng member 
arranged to reflect, at least once, a liarit flux coming 
from the objective lens unit, the first' transparent body 
consists of a first entrance surf ace yror transmitting a 
light flux coming from the reflecting member, a total- 
reflection surface arranged to totally reflect a light 
flux coming from the first er^r^ance surface, a reflecting 



surface arranged 
total-reflection 
surface, and an e 
total -re fleet ion 
flux coming from 




the 



ght flux coming from the 
the total-reflection 
rovided at a part of the 
ranged to allow a light 
ing surface to exit, and the 



second transparent body has a second entrance surface 
disposed with the /nterval put between the exit surface 
and the second entrance surface and arranged to allow a 
light flux comi/hg from the exit surface to enter the 
second entrance surface, and a transmission surface 
disposed at/an acute angle with the second entrance 
surface aifd arranged to allow a light flux coming from 
the second entrance surface to exit to the eyepiece lens 
unit 

According to a preferred aspect of the 
indention, in the viewfinder optical system, the second 
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entrance surface is a rotationally-asymmetrical surfafce. 

According to a preferred aspect of the / 
invention, in the viewf inder optical system, the /xirst 
transparent body has a roof surface. / 
According to a preferred aspect of t/ne 
invention, in the viewf inder optical system/ the image 
inverting unit further comprises a reflecting member 
arranged to reflect a ray of light differently from the 
first transparent body and the second transparent body, 
and the reflecting member has a roof Surface. 

According to a preferred aspect of the 
invention, in the viewfinder optical system, the image 
inverting unit furthep: cWpri^s/a reflecting member 
arranged to reflect a ra| of lifght differently from the 
first transparent bod^ ajid the second transparent body, 
and the reflecting member i,s made from a transparent 
body. 

According to a/preferred aspect of the 
invention, in the vieWTinder optical system, the surface 
of the first transparent body and the surface of the 
second transparent/ body which are opposite to each other 
are in contact w/th each other at a portion outside a 
ray-effective ^perture . 

According to a preferred aspect of the 
invention, An the viewf inder optical system, the interval 
between me surface of the first transparent body and the 
surface/of the second transparent body which are opposite 
to each other is set narrower toward a portion on a side 



ffi? 



Vli 



of the larger one of angles which a ray of light incident 
on the interval makes with the interval, / 

According to a preferred aspect of the / 
invention, in the viewfinder optical system, one /of the 
surface of the first transparent body and the surface of 
the second transparent body which are opposite to each 
other is provided with, outside a ray-effective aperture, 
a protrusion or a spacer member for setting the interval. 

According to a preferred aspect of the 
invention, in the viewfinder optical /system, when the 
interval between vertexes of the surface of the first 
transparent body and the surface pf the second 
transparent body is deno^d by Jpq, the following 
condition is satisfied:! \/ 
0 < Dg < (XljhMQ. 
According to a preferred aspect of the 
invention, in the viewfinder optical system, when an 
angle which the surfao/of the first transparent body and 



the surface of the second transparent body, constituting 
the interval, make/with each other is denoted by 9g, the 
following condition is satisfied with 1 T being (1/60)°: 

< 0g < 50' . 
In Accordance with another aspect of the 
invention, /there is provided a viewfinder optical system, 
which comprises an objective lens unit, an image 
inverting unit for converting an object image formed via 
the ol&jective lens unit into a non-inverted erecting 
image, and an eyepiece lens unit for observing the non- 
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.ight and a function of 



inverted erecting image, wherein the image inverting uyit 
comprises a first transparent body and a second / 
transparent body which are disposed with an interval, put 
therebetween, the second transparent body having Znly a 
function of transmitting a ray of light, and wh/rein at 
least one of surfaces of the first transparent body and 
the second transparent body is a rotationalw- 
asymmetrical surface. / 

According to a preferred asped: of the 
invention, in the viewfinder optical ^ystem, the first 
transparent body has a surface having only a function of 
reflecting a ray of light, and a /urface having both a 
function of reflecting a ray 
transmitting a ray off ligJ 

According to\a m:e£erred aspect of the 
invention, in the viewfinafer optical system, the second 
transparent body has a second entrance surface for 
transmitting a light Mux coming from the objective lens 
unit, and a transmission surface disposed at an acute 
angle with the second entrance surface, the first 
transparent body Consists of a first entrance surface 
disposed with tne interval put between the transmission 
surface and tj^e first entrance surface and arranged to 
allow a ligiyt flux coming from the transmission surface 
to enter tMe first entrance surface, a reflecting surface 
arranged Ao reflect a light flux coming from the first 
entrance surface toward the first entrance surface, a 
total/reflection surface provided at a part of the first 



53 



entrance surface and arranged to totally reflect a ligiy? 
flux coming from the reflecting surface,, and an exit / 
surface arranged to allow a light flux coming from yche 
total-reflection surface to exit, and the image inverting 
unit further comprises a reflecting member arranged to 
reflect a light flux coming from the exit susftace toward 
the eyepiece lens unit. / 

According to a preferred aspect/of the 
invention, in the viewfinder optical system, the 
transmission surface is a rotational^y-asymmetrical 
surface . 

;ferre£l aspect of the 

:ical system, the image 
'ses a reflecting member 
ist once, a light flux coming 
from the objective lens yfinit, the second transparent body 
has a second entrance Surface for transmitting a light 
flux coming from th^ref lecting member and a transmission 
surface disposed BjjL an acute angle with the second 
entrance surface/ and the first transparent body consists 
of a first ent/ance surface disposed with the interval 
put between ttfie transmission surface and the first 
entrance si^fface and arranged to allow a light flux 
coming fr^m the transmission surface to enter the first 
entranced surface, a reflecting surface arranged to 
reflecac a light flux coming from the first entrance 
surf/ce toward the first entrance surface, a total- 
reflaection surface provided at a part of the first 



According to a 
invention, in the viewfj 
inverting unit furthe 
arranged to reflect, 
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entrance surface and arranged to totally reflect a liqj? 
flux coming from the reflecting surface, and an exil 
surface arranged to allow a light flux coming froit/the 
total-reflection surface to exit, 

According to a preferred aspect of tl 
invention, in the viewfinder optical system, Ahe 
transmission surface is a rotationally-asyrpemetrical 
surface . 

According to a preferred aspect of the 
invention, in the viewfinder optical^system, the first 
transparent body consists o^ a firsfx entrance surface for 
transmitting a light f ^x co^ing^rom the objective lens 
unit, a total-ref lectqfo$\^ur facfe arranged to totally 
reflect a light flux domJby/rom the first entrance 
surface, a reflecting surface arranged to reflect a light 
flux coming from the totafl-ref lection surface toward the 
total-reflection surfa^, and an exit surface provided at 
a part of the total-^f lection surface and arranged to 
allow a light fluxVcoming from the reflecting surface to 
exit, the second /transparent body has a second entrance 
surface disposea with the interval put between the exit 
surface and t^ie second entrance surface and arranged to 
allow a ligfert flux coming from the exit surface to enter 
the seconds entrance surface, and a transmission surface 
disposed/ at an acute angle with the second entrance 
surfaces and arranged to allow a light flux coming from 
the /econd entrance surface to exit, and the image 
imaerting unit further comprises a reflecting member 



- 23 - 



fii 



arranged to reflect, at least once, a light flux coming 
from the transmission surface to lead the reflected /ight 
flux to the eyepiece lens unit. / 

According to a preferred aspect of the / 
invention, in the viewfinder optical system, tlfe second 
entrance surface is a rotationally-asymmetri^al surface. 

According to a preferred aspect ok. the 
invention, in the viewfinder optical system, the image 
inverting unit further comprises a refecting member 
arranged to reflect, at least once, ar light flux coming 
from the objective lens unit, v the farst transparent body 
consists of a first entrance lurfiace for transmitting a 
light flux coming from Ithe^r^f Lecting member, a total- 
reflection surface arranges t/> totally reflect a light 
flux coming from the f ir^L/entrance surface, a reflecting 
surface arranged to reflect a light flux coming from the 
total-reflection surfaces toward the total-reflection 
surface, and an exit /urface provided at a part of the 
total-reflection surface and arranged to allow a light 
flux coming from tfne reflecting surface to exit, and the 
second transparent body has a second entrance surface 
disposed with iche interval put between the exit surface 
and the second entrance surface and arranged to allow a 
light fluxy^oming from the exit surface to enter the 
second entrance surface, and a transmission, surface 
disposeu at an acute angle with the second entrance 
surface and arranged to allow a light flux coming from 
the/ second entrance surface to exit to the eyepiece lens 
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unit . 

According to a preferred aspect of the 
invention, in the viewfinder optical system, the /second 
entrance surface is a rotationally-asymmetrica/ surface , 

According to a preferred aspect of 
invention, in the viewfinder optical system^ the 
rotationally-asymmetrical surface is a surface 
symmetrical with respect to a given direction. 

According to a preferred aspfect of the 
invention, in the viewfinder optica^ system, when 
Cartesian coordinates using X, J ^fnd Z axes are adopted, 
the rotationally-asymmetSrical gjtfrface is a cylindrical 



surface having a prec 
perpendicular to the 
respect to a direction^ 

According to 
invention, in the viev 



unej 



axe 



rand 



curvature in a plane 
having no curvature with 
:he X axis, 
^preferred aspect of the 
mder optical system, when 
Cartesian coordinated using X, Y and Z axes are adopted, 
the rotationally-a/ymmetrical surface is a toric surface 
in which a curvajrure in a plane perpendicular to the X 
axis differs f/om a curvature in a plane perpendicular to 
the Y axis 

__Jcording to a preferred aspect of the 
invention^ in the viewfinder optical system, when 
Cartesian coordinates using X, Y and Z axes are adopted, 
the ^tationally-asymmetrical surface is a surface having 
curvatures in a plane perpendicular to the X axis and 
no curvature with respect to a direction of the X 



twc 



paving 
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axis . 

"According to a preferred aspect of the 
invention, in the viewfinder optical system, the 
rotationally-asymmetrical surface has no axis 
rotational symmetry , 

According to a preferred aspect of the 
invention, in the viewfinder optical sys^Bm, the first 
transparent body has a roof surface, 

According to a preferred aspect of the 
invention, in the viewfinder opjticXl system, the image 
inverting unit further afbffi^ris^s/a reflecting member 
arranged to reflect a Jay lof ij^fght differently from the 
first transparent body t^fte second transparent body, 

and the reflecting itiembeMias a roof surface- 

According to a/preferred aspect of the 
invention, in the viev^finder optical system, the image 
inverting unit further comprises a reflecting member 
arranged to refleoc a ray of light differently from the 
first transparent body and the second transparent body, 
and the reflecting member is made from a transparent 
body. 

accordance with a further aspect of the 
inventiocf, there is provided an optical apparatus, which 
comprises a viewfinder optical system comprising an 
objective lens unit, an image inverting unit for 
concerting an object image formed via the objective lens 
lit into a non-inverted erecting image, and an eyepiece 
^lens unit for observing the non-inverted erecting image, 
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wherein the image inverting unit comprises a first / 
transparent body and a second transparent body which /re 
disposed with an interval put therebetween, the second 
transparent body having only a function of transirdftting a 
ray of light, and wherein the interval between Jftie first 
transparent body and the second transparent b^ay is not 
uniform, and a casing holding the viewfinde^f optical 
system. / 

According to a preferred aspect of the 
invention, in the optical apparatus, At least one of a 
surface of the first transparent botfly and a surface of 
the second transparent bojsty^ss^icja^are opposite to each 
other is a rotationally-asymmfebrical surface. 

According to a j^refJrred aspect of the 
invention, in the optical apparatus, the first 
transparent body has a su/face having only a function of 
reflecting a ray of licrfft, and a surface having both a 
function of reflecting a ray of light and a function of 
transmitting a ray pf light. 

Accordin/g to a preferred aspect of the 
invention, in tlae optical apparatus, the interval between 
a surface of Jftie first transparent body and a surface of 
the second transparent body which are opposite to each 
other vari/es monotonically . 

/ According to a preferred aspect of the 
inven^on, in the optical apparatus, each of the surface 
of t/he first transparent body and the surface of the 
second transparent body which are opposite to each other 
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is a plane surface. / 

According to a preferred aspect of the / 
invention, in the optical apparatus, the first / 
transparent body has a surface having only a fui^ction of 
reflecting a ray of light, and a surface having both a 
function of reflecting a ray of light and a /unction of 
transmitting a ray of light. / 

In accordance with a further aspect of the 
invention, there is provided an optic^: apparatus, which 
comprises a viewfinder optical systeja comprising an 
objective lens unit, an image inventing unit for 
converting an object ima|e formal via the objective lens 
unit into a non-inverfted ptee^-ng image, and an eyepiece 
lens unit for observing tBieynon-inverted erecting image, 
wherein the image inve^t/^g unit comprises a first 
transparent body and a /econd transparent body which are 
disposed with an interval put therebetween, the second 
transparent body having only a function of transmitting a 
ray of light, and/wherein at least one of surfaces of the 
first transparent body and the second transparent body is 
a rotationallj^-asymmetrical surface, and a casing holding 
the viewfinder optical system. 

iCccording to a preferred aspect of the 
invention, in the optical apparatus, the first 
transparent body has a surface having only a function of 
refl/ecting a ray of light, and a surface having both a 
function of reflecting a ray of light and a function of 
transmitting a ray of light. 
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The above and further objects and features of 




the invention will become apparent from the following 
detailed description of preferred embodiments thereof 
taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
Fig. 1 is a sectional view showing essential 
parts of a viewfinder optical system according to a first 



Fig. 2 is a sectional view showing essential 
parts of a viewfinder optical system according to a 
second embodiment of the invention. 

Fig. 3 is a sectional view showing essential 
parts of a viewfinder optical system according to a third 
embodiment of the invention. 

Fig. 4 is a sectional view showing essential 
parts of a viewfinder optical system according to a 
fourth embodiment o'f the invention. 

Fig. 5 is a sectional view showing essential 
parts of a viewfinder optical system according to a fifth 
embodiment of the invention. 

Fig. 6 is a sectional view showing essential 
parts of a viewfinder optical system according to a sixth 
embodiment of the invention. 

Fig. 7 is a sectional view showing essential 
parts of a viewfinder optical system according to a 
seventh embodiment of the invention. 

Fig. 8 is a sectional view showing essential 
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parts of a viewfinder optical system according to an 
eighth embodiment of the invention. 

Fig. 9 is an enlarged view of a first prism in a 
Y-Z plane in the first embodiment of the invention. 

Fig. 10 is a perspective view of the first prism 
in the first embodiment of the invention. 

Figs. 11(A), 11(B) and 11(C) are diagrams 
showing various transverse aberration curves in a 
concentric lens system related to the first embodiment of 
the invention. 

Figs. 12(A), 12(B) and 12(C) are diagrams 
showing various transverse aberration curves in a system 
having decentering aberration uncorrected, related to the 
first embodiment of the invention. 

Figs. 13(A), 13(B) and 13(C) are diagrams 
showing various transverse aberration curves in the first 
embodiment of the invention. 

Figs. 14(A), 14(B) and 14(C) are diagrams 
showing various transverse aberration curves in a 
concentric lens system related to the fifth embodiment of 
the invention. 

Figs. 15(A), 15(B) and 15(C) are diagrams 
showing various transverse aberration curves in a system 
having decentering aberration uncorrected, related to the 
fifth embodiment of the invention. 

Figs. 16(A), 16(B) and 16(C) are diagrams 
showing various transverse aberration curves in the fifth 
embodiment of the invention. 
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Fig. 17 is a perspective view of a prism having 
a cylindrical surface. 

Fig. 18 is a perspective view of a prism having 
a toric surface. 

Fig. 19 is a sectional view showing a portion 
having a rotationally-asymmetrical surface in a prism 
according to a modification example of each embodiment of 
the invention. 

Fig. 2 0 is a sectional view showing a portion 
□ having a rotationally-asymmetrical surface in a prism 

tfl according to another modification example of each 

fyi embodiment of the invention. 

q Fig. 21 is a sectional view showing a portion 

having a rotationally-asymmetrical surface in a prism 
according to a further modification example of each 

^ embodiment of the invention. 

y Fig. 22 is a sectional view showing essential 

parts of a viewfinder optical system of the real image 
type according to a ninth embodiment of the invention. 

Fig. 23 is a sectional view showing the 
disposition of two prisms of the viewfinder optical 
system of the real image type shown in Fig. 22. 

Fig. 24 is a sectional view showing essential 
parts of a viewfinder optical system according to a tenth 
embodiment of the invention, in which the positions of 
the two prisms in the ninth embodiment shown in Fig. 22 
are interchanged. 

Fig. 25 is a sectional view showing essential 
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parts of a viewfinder optical system according to an 
eleventh embodiment of the invention, in which an image 
inverting unit is disposed separately from a prism in the 
tenth embodiment shown in Fig. 24. 

Fig. 26 is a sectional view showing essential 
parts of a viewfinder optical system of the real image 
type according to a twelfth embodiment of the invention. 

Fig. 27 is a sectional view showing essential 
parts of a viewfinder optical system according to a 
thirteenth embodiment of the invention, in which an image 

m 

=S inverting unit is disposed separately form a prism in the 

p5 twelfth embodiment shown in Fig. 26. 

Q Fig. 2 8 is an explanatory diagram showing a 

n coordinate system adopted in each of the embodiments of 

fjfj| the invention. 

Jjr Figs. 29(A) and 29(B) are a front view and a 

.BBS, 

sectional view, respectively, of an optical apparatus 
having a viewfinder optical system according to each of 
the embodiments of the invention. 

Fig. 30 is a sectional view showing essential 
parts of a conventional viewfinder optical system of the 
real image type. 

Fig. 31 is a sectional view showing essential 
parts of another conventional viewfinder optical system 
of the real image type. 

Fig. 32 is a sectional view for explaining ghost 
or a difference in optical path length occurring in a 
minute air gap of the conventional viewfinder optical 
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system of the real image type shown in Fig. 31. 

DETAILED DESCRIPTION OF THE INVENTION 

Hereinafter, preferred embodiments of the 
invention will be described in detail with reference to 
the drawings. 

Prior to entering the description of embodiments 
of the invention, the method of expressing constituent 
elements of the embodiments and the common items thereof 
are described with reference to Fig. 28. 

Since an optical system employed in the 
invention is a decentering optical system, the respective 
surfaces constituting the optical system has no common 
optical axis. Therefore, in the case of the embodiments 
of the invention, with the center of a ray-effective 
aperture of the first surface Rl assumed to be an origin, 
a route of a ray passing through the origin and the 
center of a pupil is defined as a reference axis of the 
optical system. 

Further, the axes of the coordinate system are 
defined as follows. 

Z axis: a part of the reference axis leading to the 
second surface R2 from the origin; 

Y axis: a straight line passing through the origin 
and directed at an angle of 90° counterclockwise with the 
Z axis within a tilt plane (within a plane of the drawing 
of Fig. 28) ; and 

X axis: a straight line passing through the origin 
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and perpendicular to each of the Z axis and the Y axis (a 
straight line perpendicular to a plane of the drawing of 
Fig. 28) . 

Further, a point at which the reference axis and 
the i-th surface (i = 1, 2, 3, . ..) intersect is defined 
as a surface vertex. In the viewfinder optical system in 
each of the embodiments of the invention, two prisms 
disposed with a minute air gap put therebetween are 
referred to as the first prism and the second prism in 
the order of passage of a ray of light. 

In order to express the shape of the i-th 
surface in the optical system, Ri is used to denote the 
radius of curvature of the i-th surface, Di is used to 
denote a scalar quantity representing an interval between 
surface vertexes of the i-th surface and the (i+l)th 
surface with the surface vertex assumed to be a point at 
which the reference axis and the i-th surface intersect, 
and Ni and vi are used to respectively denote the 
refractive index and Abbe number of a medium between the 
i-th surface and the (i+l)th surface. In addition, a 
tilt angle of the i-th surface within a Y-Z plane is 
expressed by an angle 9yi (°) which a normal to the i-th 
surface extending from the surface vertex of the i-th 
surface makes with a part of the reference axis incident 
on the i-th surface, with the counterclockwise direction 
assumed to be plus, and a tilt angle of the i-th surface 
within an X-Z plane is expressed by an angle 9xi (°) 
which a normal to the i-th surface extending from the 
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surface vertex of the i-th surface makes with a part of 
the reference axis incident on the i-th surface, with the 
counterclockwise direction assumed to be plus. However, 
in an entrance surface of the second prism, these tilt 
angles are defined by angles relative to a part of the 
reference axis incident on the (i-l)th surface (an exit 
surface of the first prism) . 

Further, the viewfinder optical system according 
to each of the embodiments of the invention has a 
spherical surface, a rotationally-symmetrical aspheric 
surface and a rotationally-asymmetrical aspheric surface. 
A spherical surface portion of the rotationally- 
symmetrical aspheric surface or the rotationally- 
asymmetrical aspheric surface is expressed as the shape 
of a spherical surface by using the radius of curvature 
Ri . The sign of the radius of curvature Ri is assumed to 
be minus when the center of curvature is located on the 
first surface side along the reference axis advancing 
from the first surface to the pupil, and is assumed to be 
plus when on the pupil side. 

Further, the shape of each surface can be easily 
expressed by an equation using local coordinates having 
the original located on the above-mentioned surface 
vertex. Accordingly, in each of the following equations 
for a spherical surface, a rotationally-symmetrical 
aspheric surface and a rotationally-asymmetrical aspheric 
surface, the shape of a surface is expressed by using the 
local coordinates (x, y, z) thereof. 
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The shape of a spherical surface is expressed by 
the following equation: 

y 2 /R 

z = 



1 +^1 - (y/R) 2 

The shape of a rotationally-symmetrical aspheric 
surface is expressed by the following equation: 

z = y2/R + By 4 + Cy 6 + Dy e 

1 +V' 1 " (1 + k> • (y/R) 2 

The shape of a rotationally-asyinmetrical aspheric surface 
is expressed by the following equation: 



x2 / r11 + Bllx 4 + Cllx 6 + Dllx 8 



1 h-v'I - (1 +kll) • (x / rll) : 



(Jti 0) 



z = x 2 /r!2 +B12y 4 +C12y s t-D12y 9 (x<0) 

1 - (1 + kl2) • (x / rl2> 2 



z = y /r22 + B22y 4 + C22y 6 + D22y 8 (y<0) 

1 +^1 - (1 + k22) • (y / r22) 2 



y 2 /r21 +B21y 4 +C21y 6 + D21y 8 (y*0) 

1 +^1 - (1 +k21) • (y / r21) 2 
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Fig. 1 is a sectional view showing essential 
parts, within the Y-Z plane, of a viewfinder optical 
system according to a first embodiment (numerical example 
1) of the invention. 

In Fig. 1, reference character OL denotes an 
objective lens. The objective lens OL includes three 
lenses, i.e., a fixed positive lens Gl, a negative lens 
G2 movable along the optical axis for variable 
magnification, and a positive lens G3 for compensating 
for shift of an image plane due to the variation of 
magnification. Reference character P denotes an image 
inverting unit for obtaining a non-inverted erecting 
image. The image inverting unit P includes a first prism 
1 (second transparent body) , a second prism 2 (first 
transparent body) and a reflecting member 3. Reference 
character S denotes a field frame for limiting a 
viewfinder field. The field frame S is disposed at the 
position of a primary image forming plane on which an 
object image is formed by the objective lens OL, or 
disposed in the vicinity of the primary image forming 
plane. A viewfinder image as a real image by the 
objective lens OL is formed on the primary image forming 
plane in the vicinity of the field frame S through the 
first prism 1 and the second prism 2. Reference 
character EL denotes an eyepiece lens. The eyepiece lens 
EL allows the viewfinder image formed in the vicinity of 
the field frame S to be observed through the reflecting 
member 3. Reference characters SP1 and SP2 denote stops, 



which are disposed within the objective lens OL. 

Next, the first and second prisms 1 and 2 and 
the reflecting member 3, which constitute the image 
inverting unit P in the first embodiment, are described. q 

The first prism 1 is a triangular prisi 
including an entrance surface 11 / (R9py-arrranged to 





transmit a light flux coming from^t&e ob j ectije^lens OL 
and a transmission surface 12 MR10 < ft--d-rsposed at an acute 
anale with the entrance surface ri. The second prism 2 
includes an entrance surface 21 ^Rll^ disposed with a 
minute interval put between vertexes of the transmission 
surface 12 of the first prism 1 and the entrance surface 
21 and arranged to allow a light flux coming from the 
transmission surface 12 to enter_the^ entrance surface 21, 
a roof reflecting surface 22/ (R12, R13^ arranged to 
reflect a light flux coming from thre— entrance surface 21 
toward the entrance surface 21, a total-reflection 
llaMR14)) 



surface 21a {^RlAy provided at a part of the entrance 
surface 21 and arranged to totally reflect a light flux 
coming from the roof reflecting surface 22, and an exit 
surface 23 (R15) having a refractive power and arranged 
to allow a light flux coming from the total-reflection 
surface 21a to exit to the primary image forming plane. ^ 
The transmission surface 12 and the entrance surface 21 
are decentered with respect to the reference axis, and 
are disposed with a minute air gap put between their 
vertexes. The transmission surface 12 (RIO) is provided 
with a rotationally-asymmetrical aspheric surface, 
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whereby decentering aberration occurring between the 
transmission surface 12 and the entrance surface 21 is 
corrected well. In Fig. 9, there is shown an enlarged 
view of the first prism 1 within the Y-Z plane in the 
first embodiment. In Fig. 10, there is shown a 
perspective view of the first prism 1 in the first 
embodiment. The reflecting member 3 is arranged to 
reflect a light flux coming from the primary image 
forming plane to lead the reflected light flux to the 
eyepiece lens EL. 

Figs. 11(A), 11(B) and 11(C) are diagrams 
showing various transverse aberration curves at a wide- 
angle end, a middle focal length position and a telephoto 
end, respectively, in a case where the first prism 1 and 
the second prism 2 employed in the first embodiment are 
replaced with undecentered prisms having equivalent 

—it * 

tical pa^th^-engths . In each of Figs. 10(A), ip (B) and 



lp (C) , there a.re-^shown transverse aSe"rra-tion*s— o-f— an~~of f- 
axial light flux passing through the pupil plane at the 
angles of Y = 10. 7°, -10.7°, 6.3° and -6.3° with respect 
to a central light flux of the angle of Y = 0°. 

Figs. 12(A), 12(B) and 12(C) are diagrams 
showing various transverse aberration curves at a wide- 
angle end, a middle focal length position and a telephoto 
end, respectively, in a case where no rotationally- 
asymmetrical aspheric surface is provided in the image 
inverting unit in the first embodiment. A light flux 
having a large area when passing through the air gap 
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causes aberration due to the variation of passage 
positions of a marginal light flux. In Figs. 12(A), 
12 (B) and 12 (C) , coma varies as compared with that of the 
undecentered optical system shown in Figs. 11(A), 11(B) 
and 11(C). Further, in the case of an off-axial light 
flux, the amount of occurrence of aberration varies 
depending upon the passage position of the light flux. 
In Figs. 12(A), 12(B) and 12(C), when a comparison is 
made between the aberration curves obtained at the time 
of the angle of Y = 10.7° and at the time of the angle of 

Y = -10.7°, or the aberration curves obtained at the time 
of the angle of Y = 6.3° and at the time of the angle of 

Y = -6.3°, it is apparent that coma is not symmetrical, 
unlike that in the undecentered optical system shown in 
Figs. 11(A), 11(B) and 11(C). Thus, a viewfinder image 
is not viewed symmetrically in the upper and lower 
portions or the right and left portions of a field of 
view, so that the viewfinder optical system is 
deteriorated. 

Figs. 13(A), 13(B) and 13(C) are diagrams 
showing various transverse aberration curves at a wide- 
angle end, a middle focal length position and a telephoto 
end, respectively, in the first embodiment. The 
transmission surface 12 (RIO) of the first prism 1 is 
provided with a rotationally-asymmetrical aspheric 
surface. The surface RIO is a surface having different 
aspheric shapes between the plus-side portion and the 
minus-side portion in the direction of the Y axis with 



respect to the optical axis within the Y-Z plane in Fig. 
1. Further, the surface RIO has no curvature in the 
direction of the X axis* By providing such a surface, it 
is possible to suppress decentering aberration occurring 
due to the difference of the passage position of a light 
flux incident on the air gap within the Y-Z plane, so 
that a good viewfinder image can be viewed symmetrically 
in the upper and lower portions or the right and left 



*J Fig. 2 is a sectional view showing essential 

CP parts, within the Y-Z plane, of a viewfinder optical 

?U system according to a second embodiment of the invention. 

PA 

□ Referring to Fig. 2, in the second embodiment, 

g the first prism 1 (second transparent body) is a 

ig triangular prism including an entrance surface 11 (R9) 

pit arranged to transmit a light flux coming from the 

objective lens OL and a transmission surface 12 (RIO) 

L-J? 

disposed at an acute angle with the entrance surface 11. 
The second prism 2 (first transparent body) includes an 
entrance surface 21 (Rll) disposed with a minute interval 
put between vertexes of the transmission surface 12 of 
the first prism 1 and the entrance surface 21 and 
arranged to allow a light flux coming from the 
transmission surface 12 to enter the entrance surface 21, 
a reflecting surface 22 (R12, R13) arranged to reflect a 
light flux coming from the entrance surface 21 toward the 
entrance surface 21, a total-reflection surface 21a (R14) 
provided at a part of the entrance surface 21 and 
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arranged to totally reflect a light flux coming from the 
reflecting surface 22, and an exit surface 23 (R15) 
arranged to allow a light flux coming from the total- 
reflection surface 21a to exit to the primary image 
forming plane. The transmission surface 12 and the 
entrance surface 21 are decentered with respect to the 
reference axis, and are disposed with a minute air gap 
put between their vertexes . The transmission surface 12 
(RIO) is provided with a rota tionally-asymmetrical 
aspheric surface as shown in Fig. 10, whereby decentering 
aberration occurring between the transmission surface 12 
and the entrance surface 21 is corrected well. 

The reflecting member 3 includes an entrance 
surface 31 arranged to allow a light flux coming from the 
exit surface 23 of the second prism 2 to enter the 
entrance surface 31, a roof reflecting surface 32 
arranged to reflect a light flux coming from the entrance 
surface 31, and an exit surface 33 arranged to reflect a 
light flux coming from the roof reflecting surface 32 to 
lead the reflected light flux to the eyepiece lens EL. 

Fig. 3 is a sectional view showing essential 
parts, within the Y-Z plane, of a viewfinder optical 
system according to a third embodiment of the invention. 

Referring to Fig. 3, in the third embodiment, 
the reflecting member 3 includes an entrance surface 31 
arranged to allow a light flux coming from the objective 
lens OL to enter the entrance surface 31, a roof 
reflecting surface 32 arranged to reflect a light flux 
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coming from the entrance surface 31, and an exit surface 
33 arranged to allow a light flux coming from the roof 
reflecting surface 32 to exit. A primary image forming 
plane on which an object image is formed by the objective 
lens OL is located in the vicinity of the exit surface 
33. 

The first prism 1 (second transparent body) is a 
triangular prism including an entrance surface 11 
arranged to transmit a light flux coming from the 
reflecting member 3 and a transmission surface 12 
disposed at an acute angle with the entrance surface 11. 
The second prism 2 (first transparent body) includes an 
entrance surface 21 disposed with a minute interval put 
between vertexes of the transmission surface 12 of the 
first prism 1 and the entrance surface 21 and arranged to 
allow a light flux coming from the transmission surface 
12 to enter the entrance surface 21, a reflecting surface 
22 arranged to reflect a light flux coming from the 
entrance surface 21 toward the entrance surface 21, a 
total-reflection surface 21a provided at a part of the 
entrance surface 21 and arranged to totally reflect a 
light flux coming from the reflecting surface 22, and an 
exit surface 23 arranged to allow a light flux coming 
from the total-reflection surface 21a to exit. The 
transmission surface 12 and the entrance surface 21 are 
decentered with respect to the reference axis, and are 
disposed with a minute air gap put between their 
vertexes. The transmission surface 12 is provided with a 
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rotationally-asymmetrical aspheric surface, whereby 
decentering aberration occurring between the transmission 
surface 12 and the entrance surface 21 is corrected well* 
A light flux coming from the exit surface 23 is led to 
the eyepiece lens EL. The shape of the first prism 1 in 
the third embodiment corresponds, for example, to that 
obtained by rotating the first prism 1 shown in Fig. 10 
by about 180° counterclockwise around the Y axis and 
about 270° counterclockwise around the X axis, 
E3 Fig. 4 is a sectional view showing essential 

Cft parts, within the Y-Z plane, of a viewfinder optical 

ffj system according to a fourth embodiment of the invention, 

p Referring to Fig. 4, in the fourth embodiment, 

3 '' the reflecting member 3 is arranged to reflect a light 

fg flux coming from the objective lens OL to form an object 

pfs image on a primary image forming plane S. 

The first prism 1 (second transparent body) is a 
triangular prism including an entrance surface 11 
arranged to transmit a light flux coming from the 
reflecting member 3 and a transmission surface 12 
disposed at an acute angle with the entrance surface 11. 
The second prism 2 (first transparent body) includes an 
entrance surface 21 disposed with a minute interval put 
between vertexes of the transmission surface 12 and the 
entrance surface 21 and arranged to allow a light flux 
coming from the transmission surface 12 to enter the 
entrance surface 21, a roof reflecting surface 22 
arranged to reflect a light flux coming from the entrance 
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surface 21 toward the entrance surface 21, a total- 
reflection surface 21a provided at a part of the entrance 
surface 21 and arranged to totally reflect a light flux 
coming from the roof reflecting surface 22, and an exit 
surface 23 arranged to allow a light flux coming from the 
total-reflection surface 21a to exit to the eyepiece lens 
EL. The transmission surface 12 and the entrance surface 
21 are decentered with respect to the reference axis, and 
are disposed with a minute air gap put between their 
vertexes. The transmission surface 12 is provided with a 
rotationally-asymmetrical aspheric surface, whereby 
decentering aberration occurring between the transmission 
surface 12 and the entrance surface 21 is corrected well. 
The shape of the first prism 1 in the fourth embodiment 
corresponds, for example, to that obtained by rotating 
the first prism 1 shown in Fig. 10 by about 180° 
counterclockwise around the Y axis and about 270° 
counterclockwise around the X axis. 

Fig. 5 is a sectional view showing essential 
parts, within the Y-Z plane, of a viewfinder optical 
system according to a fifth embodiment (numerical example 
2) of the invention. 

In Fig. 5, reference character OL denotes an 
objective lens. The objective lens OL includes four 
lenses, i.e., a fixed positive lens Gl, a negative lens 
G2 movable along the optical axis for variable 
magnification, a positive lens G3 for compensating for 
shift of an image plane due to the variation of 
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magnification, and a fixed positive lens G4 . Reference 
character P denotes an image inverting unit for obtaining 
a non-inverted erecting image. The image inverting unit 
P includes a first prism 1 (first transparent body), a 
second prism 2 (second transparent body) and a reflecting 
member 3. Reference character S denotes a field frame 
for limiting a viewfinder field. The field frame S is 
disposed at the position of a primary image forming plane 
on which an object image is formed by the objective lens 
OL, or disposed in the vicinity of the primary image 

m forming plane. A viewfinder image as a real image by the 

objective lens OL is formed on the primary image forming 

Jj* plane in the vicinity of the field frame S through the 

first prism 1 and the second prism 2. Reference 

O character EL denotes an eyepiece lens. The eyepiece lens 

CS 

fy EL allows the viewfinder image formed in the vicinity of 

fy 

□ the field frame S to be observed through the reflecting 

member 3 . 

Next, the first and second prisms 1 and 2 and 
the reflecting member 3, which constitute the image 
inverting unit P in the fifth embodiment, are described. 

The first prism 1 includes an entrance surface 
11 (Rll) arranged to transmit a light flux coming from 
the objective lens OL, a total-reflection surface 12 
(R12) arranged to totally reflect a light flux coming 
from the entrance surface 11, a roof reflecting surface 
13 (R13, R14) arranged to reflect a light flux coming 
from the total-reflection surface 12 toward the total- 
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reflection surface 12, and an exit surface 12a (R15) 
provided at a part of the total-reflection surface 12 and 
arranged to allow a light flux coming from the roof 
reflecting surface 13 to exit. The second prism 2 is a 
triangular prism including an entrance surface 21 (R16) 
disposed with a minute interval put between vertexes of 
the exit surface 12a and the entrance surface 21 and 
arranged to allow a light flux coming from the exit 
surface 12a to enter the entrance surface 21, and a 
transmission surface 22 (R17) having a refractive power, 
disposed at an acute angle with the entrance surface 21 
and arranged to allow a light flux coming from the 
entrance surface 21 to exit to the primary image forming 
plane. The exit surface 12a and the entrance surface 21 
are decentered with respect to the reference axis, and 
are disposed with a minute air gap put between their 
vertexes. The entrance surface 21 (R16) is provided with 
a rotationally-asymmetrical aspheric surface, whereby 
decentering aberration occurring between the exit surface 
12a and the entrance surface 21 is corrected well. The 
reflecting member 3 is arranged to reflect a light flux 
coming from the primary image forming plane to lead the 
reflected light flux to the eyepiece lens EL. The shape 
of the second prism 2 in the fifth embodiment 
corresponds, for example, to that obtained by rotating 
the first prism 1 shown in Fig. 10 by about 180° 
counterclockwise around the Y axis and about 90° 
counterclockwise around the X axis. 
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Figs. 14(A), 14(B) and 14(C) are diagrams 
showing various transverse aberration curves at a wide- 
angle end, a middle focal length position and a telephoto 
end, respectively, in a case where the first prism 1 and 
the second prism 2 employed in the fifth embodiment are 
replaced with undecentered prisms having equivalent 
optical path lengths . In each of Figs. 14(A), 14(B) and 
14 (C) , there are shown transverse aberrations of an off- 
axial light flux passing through the pupil plane at the 
angles of Y = 10.7°, -10.7°, 6.3° and -6.3° with respect 
to a central light flux of the angle of Y = 0°. 

Figs. 15(A), 15(B) and 15(C) are diagrams 
showing various transverse aberration curves at a wide- 
angle end, a middle focal length position and a telephoto 
end, respectively, in a case where no rotationally- 
asymmetrical aspheric surface is provided in the image 
inverting unit in the fifth embodiment. A light flux 
having a large area when passing through the air gap 
causes aberration due to the variation of passage 
positions of a marginal light flux. In Figs. 15(A), 
15(B) and 15(C), coma varies as compared with that of the 
undecentered optical system shown in Figs. 14(A), 14(B) 
and 14 (C) . Further, in the case of an off-axial light 
flux, the amount of occurrence of aberration varies 
depending upon the passage position of the light flux. 
In Figs. 15(A), 15(B) and 15(C), when a comparison is 
made between the aberration curves obtained at the time 
of the angle of Y = 10.7° and at the time of the angle of 



Y = -10. 7°, or the aberration curves obtained at the time 
of the angle of Y = 6.3° and at the time of the angle Y = 
-6.3% it is apparent that coma is not symmetrical, 
unlike that in the undecentered optical system shown in 
Figs. 14(A), 14(B) and 14(C). Thus, a viewfinder image 
is not viewed symmetrically in the upper and lower 
portions or the right and left portions of a field of 
view, so that the viewfinder optical system is 
deteriorated . 

C3 Figs. 16(A), 16(B) and 16(C) are diagrams 

SSf. 

£ft showing various transverse aberration curves at a wide- . 

f|j angle end, a middle focal length position and a telephoto 

P| end, respectively, in the fifth embodiment. The entrance 

surface 21 (R16) of the second prism 2 is provided with a 
rotationally-asymmetrical aspheric surface. The surface 
R16 is a surface having different aspheric shapes between 
the plus-side portion and the minus-side portion in the 
direction of the Y axis with respect to the optical axis 
within the Y-Z plane in Fig. 5. Further, the surface R16 
has no curvature in the direction of the X axis. By 
providing such a surface, it is possible to suppress 
decentering aberration occurring due to the difference of 
the passage position of a light flux incident on the air 
gap within the Y-Z plane, so that a good viewfinder image 
can be viewed symmetrically in the upper and lower 
portions or the right and left portions of a field of 
view. 

Fig. 6 is a sectional/views showing essential 



7 



- 49 - 




5«A> 

£V f parts, within the Y-Z plane, #c 

^ system according to a sixth fer 



parts, within the Y-Z plane, fof a viewfinder optical 
system according to a sixth fembodiment of the invention. 

Referring to Fig. 6, in the sixth embodiment, 
the first prism 1 (first transparent body) includes an 
entrance surface 11 (Rll) arranged to transmit a light 
flux coming from the objective lens OL, a total- 
reflection surface 12 (R12) arranged to totally reflect a 
light flux coming from the entrance surface 11, a roof 
reflecting surface 13 (R13, R14) arranged to reflect a 
light flux coming from the total-reflection surface 12 
toward the total-reflection surface 12, and an exit 
surface 12a (R15) provided at a part of the total- 
reflection surface 12 and arranged to allow a light flux 
coming from the roof reflecting surface 13 to exit. The 
second prism 2 (second transparent body) is a triangular 
prism including an entrance surface 21 (R16) disposed 
with. a minute interval put between vertexes of the exit 
surface 12a and the entrance surface 21 and arranged to 
allow a light flux coming from the exit surface 12a to 
enter the entrance surface 21, and a transmission surface 
22 (R17) having a refractive power, disposed at an acute 
angle with the entrance surface 21 and arranged to allow 
a light flux coming from the entrance surface 21 to exit 
to the primary image forming plane. The exit surface 12a 
and the entrance surface 21 are decentered with respect 
to the reference axis, and are disposed with a minute air 
gap put between their vertexes. The entrance surface 21 
(R16) is provided with a rotationally-asymmetrical 
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aspheric surface, whereby decentering aberration 
occurring between the exit surface 12a and the entrance 
surface 21 is corrected well. 

The reflecting member 3 includes an entrance 
surface 31 arranged to allow a light flux coming from the 
exit surface 23 of the second prism 2 to enter the 
entrance surface 31, a roof reflecting surface 32 
arranged to reflect a light flux coming from the entrance 
surface 31,- and an exit surface 33 arranged to reflect a 
p light flux coming from the roof reflecting surface 32 to 

m lead the reflected light flux to the eyepiece lens EL. 

The shape of the second prism 2 in the sixth embodiment 
corresponds, for example, to that obtained by rotating 
the first prism 1 shown in Fig. 10 by about 180° 
counterclockwise around the Y axis and about 90° 
counterclockwise around the X axis. 

^^^^^ Fig. 7 is a sectional #iews showing essential 
parts, within the Y-Z plane, off a viewfinder optical 
system according to a seventh /embodiment of the 

invention. J 

Referring to Fig. 7, in the seventh embodiment, 
the reflecting member 3 includes an entrance surface 31 
arranged to allow a light flux coming from the objective 
lens OL to enter the entrance surface 31, a roof 
reflecting surface 32 arranged to reflect a light flux 
coming from the entrance surface 31, and an exit surface 
33 arranged to allow a light flux coming from the roof 
reflecting surface 32 to exit. A primary image forming 
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plane on which an object image is formed by the objective 
lens OL is located in the vicinity of the exit surface 
33. 

The first prism 1 (first transparent body) 
includes an entrance surface 11 (Rll) having a refractive 
power and arranged to transmit a light flux coming from 
the reflecting member 3, a total-reflection surface 12 
arranged to totally reflect a light flux coming from the 
entrance surface II, a reflecting surface 13 arranged to 
reflect a light flux coming from the total-reflection 
surface 12 toward the total-reflection surface 12, and an 
exit surface 12a provided at a part of the total- 
reflection surface 12 and arranged to allow a light flux 
coming from the reflecting surface 13 to exit. The 
second prism 2 (second transparent body) is a triangular 
prism including an entrance surface 21 disposed with a 
minute interval put between vertexes of the exit surface 
12a and the entrance surface 21 and arranged to allow a 
light flux coming from the exit surface 12a to enter the 
entrance surface 21, and a transmission surface 22 
disposed at an acute angle with the entrance surface 21 
and arranged to allow a light flux coming from the 
entrance surface 21 to exit to the eyepiece lens EL. The 
exit surface 12a and the entrance surface 21 are 
decentered with respect to the reference axis, and are 
disposed with a minute air gap put between their 
vertexes. The entrance surface 21 is provided with a 
rotationally-asymmetrical aspheric surface, whereby 
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decentering aberration occurring between the exit surface 
12a and the entrance surface 21 is corrected well. The 
shape of the second prism 2 in the seventh embodiment 
corresponds, for example, to that obtained by rotating 
the first prism 1 shown in Fig. 10 by about 180° 
counterclockwise around the X axis. 



Fig. 8 is a sectional ^iews showing essential 
parts, within the Y-Z plane, oj a viewfinder optical 
system according to an eighth /embodiment of the 
invention. 

Referring to Fig. 8, in the eighth embodiment, 
the reflecting member 3 includes an entrance surface 31 
arranged to allow a light flux coming from the objective 
lens OL to enter the entrance surface 31, a reflecting 
surface 32 arranged to reflect a light flux coming from 
the entrance surface 31, and an exit surface 33 arranged 
to allow a light flux coming from the reflecting surface 
32 to exit. A primary image forming plane on which an 
object image is formed by the objective lens OL is 
located in the vicinity of the exit surface 33. 

The first prism 1 (first transparent body) 
includes an entrance surface 11 having a refractive power 
and arranged to transmit a light flux coming from the 
reflecting member 3, a total-reflection surface 12 
arranged to totally reflect a light flux coming from the 
entrance surface 11, a roof reflecting surface 13 
arranged to reflect a light flux coming from the total- 
reflection surface 12 toward the total-reflection surface 
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12, and an exit surface 12a provided at a part of the 
total-reflection surface 12 and arranged to allow a light 
flux coming from the roof reflecting surface 13 to exit. 
The second prism 2 (second transparent body) is a 
triangular prism including an entrance surface 21 
disposed with a minute interval put between vertexes of 
the exit surface 12a and the entrance surface 21 and 
arranged to allow a light flux coming from the exit 
surface 12a to enter the entrance surface 21, and a 
transmission surface 22 disposed at an acute angle with 
the entrance surface 21 and arranged to allow a light 
flux coming from the entrance surface 21 to exit to the 
eyepiece lens EL. The exit surface 12a and the entrance 
surface 21 are decentered with respect to the reference 
axis, and are disposed with a minute air gap put between 
their vertexes. The entrance surface 21 is provided with 
a rotationally-asymmetrical aspheric surface, whereby 
decentering aberration occurring between the exit surface 
12a and the entrance surface 21 is corrected well. The 
shape of the second prism 2 in the eighth embodiment 
corresponds, for example, to that obtained by rotating 
the first prism 1 shown in Fig. 10 by about 180° 
counterclockwise around the X axis. 

As has been described above in the first to 
eighth embodiments of the invention, a surface for 
correcting decentering aberration is set on an aspheric 
surface having different curvatures between the plus-side 
portion and the minus-side portion in the direction of 



the Y axis and having no curvature in the direction of 
the X axis, for example, in the cases of the first and 
second embodiments. However, the shape of the 
decentering-aberration correcting surface is not limited 
to such a shape. For example, a cylindrical surface, 
such as that shown in Fig. 17, having a symmetrical 
curvature in the direction of the Y axis and having no 
curvature in the direction of the X axis may be employed. 
For example, a toric surface, such as that shown j_n Fig. 
18, having respective different curvatures in the 
direction of the Y axis and the direction of the X axis 
may be employed. For example, a surface having no 
symmetrical shape in either of the direction of the Y 
axis and the direction of the X axis (a surface having no 
axis of rotational symmetry) may be employed. Thus, it 
is desirable to adaptively set such a shape as to correct 
decentering aberration, according to the position of the 
air gap and the amount of decentering. 

Further, as described above, a rotationally- 
asymmetrical aspheric surface (a surface for correcting 
decentering aberration) is provided on a surface of the 
first prism adjacent to the air gap, in each of the first 
to fourth embodiments, and on a surface of the second 
prism adjacent to the air gap, in each of the fifth to 
eighth embodiments. However, in place of the above 
surface, the rotationally-asymmetrical aspheric surface 
may be provided on any one of surfaces constituting the 
image inverting unit. For example, when the ^ 
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rotationally-asymmetrical aspheric surface is provided on 
such a surface as shown in Fig. 19, 20 or 21, the same 
advantageous effect as that in each of the above- 
-described embodiments can be obtained. 

In the following, numerical data of a numerical 
example 1 corresponding to the first embodiment of the 
invention is shown. In the numerical data of the 
numerical example 1, the notation "E-OX" means "xicr x ". 



Numerical Example 1 : 



2co= 48.7° - 28.4° Y= 0-47 - 0.84 



i 


Ri 


Di 


Ni 


vi 


0yi 


9xi 


1 


rotational ly- 
symmetrical 
aspheric 
surface 


1 . 50 


1 .49171 


57 . 40 






2 


-200.00 


vari- 
able 


air 








3 


stop 


0.60 


air 








4 


rotational ly- 
symmetrical 
aspheric 
surface 


1.00 


1 .58306 


30.23 






5 


26. 64 


vari- 
able 


air 








6 


stop 


0.00 


air 








7 


rotational ly- 
symmetrical 
aspheric 
surface 


3.00 


1.49171 


57.40 






8 


rotational ly- 
symmetrical 
aspheric 
surface 


vari- 
able 


air 








9 


plane 


2.55 


1.57090 


33.80 
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1 0 


L U LCI LJ- U11CI J — L Jf 

asymmetrical 

aspheric 

surface 


0 . 05 


air 




30 . 00 




11 


plane 


6.34 


1 .57090 


33.80 


30.00 




12 


plane 


0.00 


1 .57090 


33.80 


-9.54 


45.00 


13 


plane 


8 .39 


1 .57090 


33.80 


-9.54 


-45.00 


14 


plane 


C C*5 
D . Dj 


1 . o / u y U 


"3 "3 Qfl 
j J • OU 


H J? . u / 




15 


-19.00 


0.50 


air 








16 


field frame 


7.31 


air 








17 


reflecting 

c;n T" "Fa r*p 

Q Ui- J- a ~ 


8,11 


air 




39. 54 




18 


rotationall v— 
symmetrical 
aspheric 
surface 


2.70 


1 . 49171 


57 .40 






19 


-12,97 


15.00 


air 








20 


pupil 













Variable Separation According to Focal Length 





wide-angle 
end 


middle 


telephoto 
end 


D2 


4 . 64 


2. 97 


0.49 


D5 


4 . 93 


3. 14 


2 . 15 


D8 


0.18 


3. 65 


7.11 



Shape of Rotationally-symmetrical Aspheric Surface 





Rl 


R4 


R7 


R8 


R18 


R 


0.00 


-4 .72 


7.97 


-5.80 


23.81 


k 


8 . 39E+03 


-1 .73E+00 


4 . 17E-01 


-3.71E-01 


1 . 01E+00 


B 


1 . 93E-04 


-4.15E-04 


-1.49E-03 


3 . 07E-04 


-1.30E-04 


C 


-3 . 38E-06 


-3.66E-04 


3. 18E-05 


9. 85E-06 


1.70E-07 
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D 


7 .52E-08 


6. 05E-05 


-1.21E-06 


-3. 68E-07 


0. 00E+00 



Shape of Rotationally-asymmetrical Aspheric Surface 



rll 


0 . 00 


r21 


2 . 00E+03 


kll 


0.00 


k21 


0.00 


Bll 


0.00 


B21 


-1 . OOE-05 


Cll 


0 . 00 


C21 


0 . 00 


Dll 


0.00 


D21 


0.00 


rl2 


0.00 


r22 


2 . 00E+03 


kl2 


0.00 


k22 


0.00 


B12 


0.00 


B22 


1 . OOE-05 


C12 


0.00 


C22 


0.00 


D12 


0.00 


D22 


0.00 



In the following, numerical data of a numerical 
example 2 corresponding to the fifth embodiment of the 
invention is shown. In the numerical data of the 
numerical example 2, the notation "E-0X" means "xlO - *" . 



Numerical Example 2 : 

2go= 48,7° - 28.4° Y= 0.47 - 0.84 



i 


Ri 


Di 


Ni 


vi 


9yi 


9xi 


1 


rotational ly- 
symmetrical 
aspheric 
surface 


1.50 


1 .49171 


57.40 






2 


-200 . 00 


vari- 
able 


air 








3 


stop 


0. 60 


air 
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4 


rotational ly- 
s ymme t r i c a 1 
aspheric 
surface 


1 . 00 


1.58306 


30.23 






5 


37.94 


vari- 
able 


air 








6 


stop 


0.00 


air 








7 


rotational ly- 
symmetrical 
aspheric 
surface 


2 . 60 


1.49171 


57 .40 






8 


rotationally- 
symmetrical 
aspheric 
surface 


vari- 
able 


air 








9 


rot at ionall v— 
symmetrical 
aspheric 
surface 


1 . 10 


1 . 58306 


30.23 






10 


-12.62 


0.20 


air 








11 


plane 


5. 63 


1.57090 


33.80 






12 


plane 


8.39 


1 . 57090 


33.80 


-49.07 




13 


plane 


0.00 


1 . 57090 


33 .80 


9.54 


45.00 


14 


plane 


6. 34 


1 .57090 


33.80 


9.54 


-45.00 


15 


plane 


0.05 


air 




-30. 00 




16 


rotational ly- 
asymmetrical 
aspheric 
surface 


2 . 55 


1 .57090 


33.80 


-30. 00 




17 


-19.50 


0.50 


air 








18 


field frame 


7.31 


air 








19 


reflecting 

c: n T f P\ C P» 

O Li. J- -1- CL W ^ 


8 .11 


air 




39.54 




20 


rotationally— 
symmetrical 
aspheric 
surface 


2 .70 


1 .49171 


57 .40 






21 


-12 .97 


15. 00 


air 








22 


pupil 
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Variable Separation According to Focal Length 





wide-angle 
end 


middle 


telephoto 
end 


D2 


2 . 62 


2 . 54 


0. 61 


D5 


5.87 


4 . 60 


2.48 


D8 


0.51 


1 .86 


5. 90 



Shape of Rotationally-symmetrical Aspheric Surface 





Rl 


R4 


R7 
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0. 00 
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3. 94E+01 
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B 


4.28E-04 


-1 .22E-03 


-1 . 19E-03 


5.30E-04 


C 


1.70E-07 


-2.49E-04 


3. 66E-05 


1 . 64E-05 


D 


3. 68E-08 


3.63E-05 


-1 . 63E-06 


-6.71E-07 





R9 


R2 0 


R 


-10.00 


23.81 


k 


3.09E-01 


1.01E+00 


B 


1 .28E-04 


-1.30E-04 


C 


-2 . 10E-06 


1 .70E-07 


D 


-5.02E-08 


0.00E+00 
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Shape of Rotationally-asymmetrical Aspheric Surface 
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D21 


0. 00 
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0.00 


r22 


0. 00 
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0.00 


k22 


0. 00 


B12 


0.00 


B22 


0. 00 


C12 


0.00 


C22 


0. 00 


D12 


0.00 


D22 


0.00 



Next, ninth to thirteenth embodiments of the 
invention are described with reference to Figs. 22 to 27. 

Fig. 22 is a sectional view showing essential 
parts of a viewfinder optical system of the real image 
type according to the ninth embodiment of the invention. 
In Fig. 22, reference character OL denotes an objective 
lens, and reference character P denotes a prism for 
obtaining a non-inverted erecting image. The prism P is 
composed of a first prism PI and a second prism (roof 
prism) P2 . The first prism PI and the second prism P2 
are disposed with a minute air gap put between an exit 
surface 12 of the first prism PI and an entrance surface 
21 of the second prism P2 . Reference character S denotes 
a field frame for limiting a viewfinder field. The field 
frame S is preferably disposed in the vicinity of an exit 




surface 23 of the second prism P2 (on a primary image 
forming plane) , and may be a mechanical part or may be 
formed by using a light-transmission limiting pattern 
forming means, such as a liquid crystal element. The 
second prism P2 is shaped such that a light flux 
reflected from a roof surface 22 is made incident on the 
entrance surface 21 of the second prism P2 at such an 
angle to enable the light flux to be totally reflected at 
the entrance surface 21. Reference character EL denotes 
an eyepiece lens, which is used for observing a non- 
inverted erecting viewfinder image formed in the vicinity 
of the field frame S. A reflecting member Ml is arranged 
to reflect a light flux coming from the primary image 
forming plane to lead the reflected light flux to the 
eyepiece lens EL. 

In the construction shown in Fig. 22, a light 
flux coming from the objective lens OL passes through the 
exit surface 12 of the first prism PI and the entrance 
surface 21 of the second prism P2 and is then image- 
inverted and reflected once toward the object side by the 
roof reflecting surface 22. The reflected light flux is 
further totally-reflected by the entrance surface 21 of 
the second prism P2, so that a viewfinder image is formed 
on the primary image forming plane in the vicinity of the 
exit surface 23 of the second prism P2 . A viewfinder 
image formed as an inverted real image by the objective 
lens OL is converted, through the second prism P2, into a 
non-inverted erecting viewfinder image, which is formed 
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in the vicinity of the field frame S. A light flux 
coming from the primary image forming plane is reflected 
by the reflecting member Ml to be led to the eyepiece 
lens EL. 

The exit surface 12 of the first prism PI and 
the entrance surface 21 of the second prism P2 are 
disposed in such a way that the minute air gap 
therebetween is in a wed ge s hajse, as shown in Fig. 23, 
i.e., in such a shape that the interval between the exit/ 
surface 12 and the entrance surface 21 varies 
monotonically . By this disposition, the width t2 (see 
Fig. 32) of a double image can be more reduced to a width 
t2 1 (t2 » t2 f ), as indicated by dashed lines in Fig. 23. 

Further, as rays of light indicated by solid 
lines in Fig. 23, the optical path length a2 (see Fig. 
32) in the minute air gap is more reduced to a length a2 ' 
(a2 » a2'). Accordingly, it is possible to suppress the 
variation of aberration occurring at the pupil plane due 
to the difference in optical path length from the exit 
surface of the first prism PI to the pupil plane between 
right and left sides of a view field, so that a good 
viewfinder image can be observed. In particular, it is 
preferred that the minute air gap is formed in a wedge 
shape in the Y-Z plane in which the first prism PI and 
the second prism P2 are decentered. 

More preferably, the wedge-shaped minute air gap 
becomes narrower toward a portion on a side of the larger 
one of angles which the reference axis ray makes with the 
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minute air gap in the Y-Z plane, so that decentering 
aberration can be most effectively corrected. Referring 
to Fig. 23, of angles oc and 3 which the reference axis 
ray makes with the exit surface 12 of the first prism PI, 
the larger one is the angle (3 on the minus side almost in 
the direction of the Y axis. Therefore, the first prism 
PI and the second prism P2 are disposed such that the air 
gap becomes wider toward the apical angle of the first 
prism PI - 

Further, in a viewfinder optical system of the 
real image type shown in Fig. 24, which is the tenth 
embodiment of the invention, the image inversion is 
performed in the first prism P41. A light flux coming 
from the objective lens OL is made to enter the first 
prism P41 and is then totally reflected by an exit 
surface 411 of the first prism P41 to be led downward to 
a roof reflecting surface 412. A light flux reflected 
upward by the roof reflecting surface 412 is made to exit 
from the exit surface 411 of the first prism P41 and then 
passes through an entrance surface 421 of the second 
prism P42. The exit surface 411 of the first prism P41 
and the entrance surface 421 of the second prism P42 are 
disposed in such a way as to form a wedge-shaped minute 
air gap therebetween which becomes narrower toward the 
apical angle of the second prism P42. The light flux 
passing through the entrance surface 421 of the second 
prism P42 is imaged to form a viewfinder image on a 
primary image forming plane in the vicinity of an exit 




surface 422 of the second prism P42. 

In the viewfinder optical system shown in Fig, 
24, of angles a and (J which the reference axis ray L 
makes with the exit surface 411 of the first prism P41, 
the larger one is the angle a on the minus side almost in 
the direction of the Z axis. Therefore, the above- 
described disposition is adopted. 

Also, in a viewfinder optical system of the real 
image type shown in Fig -. 25, which is the eleventh 
embodiment of the invention, the same relationship in 
angle as in the viewfinder optical system shown in Fig. 
24 exits in an exit surface 511 of the first prism P51 . 
Referring to Fig. 25, a light flux coming from the 
objective lens OL is made to enter the first prism P51 
and is then totally reflected by the exit surface 511 of 
the first prism P51 to be led downward to a reflecting 
surface 512 having vapor deposition or the like applied 
thereto. A light flux mirror-reflected upward by the 
reflecting surface 512 is made to exit from the exit 
surface 511 of the first prism P51 and then passes 
through an entrance surface 521 of the second prism P52 . 
The exit surface 511 of the first prism P51 and the 
entrance surface 521 of the second prism P52 are disposed 
in such a way as to form a wedge-shaped minute air gap 
therebetween which becomes narrower toward the apical 
angle of the second prism P52 . The light flux passing 
through the entrance surface 521 of the second prism P52 
is imaged to form a viewfinder image on a primary image 
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forming plane in the vicinity of an exit surface 522 of 
the second prism P52 . A light flux bearing the 
viewfinder image is then reflected by a roof reflecting 
surface 531 of a pentagonal roof prism 53 to be led to 
the eyepiece lens EL. 

Here, in order to make the minute air gap in a 
wedge shape, as shown in Fig, 22, when the entrance 
surface 11 of the first prism PI is disposed 
perpendicular to the reference axis ray L, assuming that 
an acute angle which the exit surface 12 of the first 
^ prism PI makes with the reference axis ray L is 921 and 

=F an acute angle which the entrance surface 21 of the 

CO second prism P2 makes with the reference axis ray L is 

022, the respective angles of the first prism PI and the 
p second prism P2 may be set in such a way as to satisfy a 

fjj condition of "021 + 022". Alternatively, as long as the 

% amount of decentering of the first prism PI with respect 

to the optical axis of the entrance surface 21 is within 
a range in which decentering aberration is permissible, 
the entirety of the first prism PI may be decentered 
minutely. 

Next, the twelfth and thirteenth embodiments of 
the invention are described with reference to Figs. 26 
and 27. 

In the ninth, tenth and eleventh embodiments 
shown in Figs. 22, 24 and 25, two, the first and second, 
prisms disposed with a wedge-shaped minute air gap put 
therebetween are located on the object side of the 
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primary image forming plane, i.e., closer to the 
objective lens OL than the primary image forming plane. 
On the other hand, in the twelfth and thirteenth 
embodiments, as shown in Figs, 26 and 27, in order to set 
the optical path length from the primary image forming 
plane to the eyepiece lens EL much short for the purpose 
of obtaining a desired viewfinder magnification and angle 
of field, the first and second prisms disposed with a 
wedge-shaped minute air gap put therebetween are located 
on the pupil side of the primary image forming plane, 
i.e., closer to the eyepiece lens EL than the primary 
image forming plane. 

In the case of the twelfth embodiment shown in 
Fig. 26, there are located, in order along the optical 
path, the objective lens OL, the pentagonal roof prism 
63, the first prism P61, the second prism P62 and the 
eyepiece lens EL. 

In the viewfinder optical system shown in Fig. 
26, a light flux coming from the objective lens OL is 
made to enter the pentagonal roof prism 63. At the 
pentagonal roof prism 63, an optical path of the light 
flux is bent, and an inverted real viewfinder image is 
formed in the vicinity of an exit surface 631 of the 
pentagonal roof prism 63. Then, a light flux having 
entered the first prism P61 from the primary image 
forming plane is totally reflected by a transmission 
surface 611 toward a roof reflecting surface 612. At the 
roof reflecting surface 612, a light flux is reflected 
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and image-inverted. The light flux coming from the roof 
reflecting surface 612 exits from the transmission 
surface 611 of the first prism P61 to a wedge-shaped 
minute air gap. Then, the light flux passes through the 
second prism P62 to be led to the eyepiece lens EL. 

As described above, in the ninth and twelfth 
embodiments shown in Figs. 22 and 2 6, the second prism P2 
or the first prism P61, of the two prisms disposed with a 
wedge— shaped minute air gap put therebetween, is arranged 
to have an image inverting function. 



ft \ 



further, m the case o13 the thirteenth 
embodiment shown in Figs. 27, tffiere are located, in order 
along the optical path, the objective lens OL, the 
pentagonal roof prism 53, theffirst prism P71, the second 
prism P72 and the eyepiece ldns EL. 



In the viewfinder optical system shown in Fig. 
27, a light flux coming from the objective lens OL is 
image-inverted by a roof reflecting surface 531 of the 
pentagonal roof prism 53 and is then imaged to form a 
non-inverted erecting viewfinder image in the vicinity of 
an exit surface 532 of the pentagonal roof prism 53. A 
light flux having entered the first prism P71 from the 
primary image forming plane is totally reflected by a 
transmission surface 711 to be once returned toward the 
object side. Then, the light flux is mirror-reflected by 
a reflecting surface 712 having vapor deposition or the 
like applied thereto, to be bent toward the pupil side. 
The light flux then passes through the wedge-shaped 
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minute air gap and the second prism P72 to be led to the 
eyepiece lens EL, 

As in the thirteenth and eleventh embodiments 
shown in Fig. 27 and Fig. 25, an image inverting unit, 
such as the pentagonal roof prism 53, may be provided 
separately from the two prisms disposed with a wedge- 
shaped minute air gap put therebetween. 

In the ninth to thirteenth embodiments of the 
invention described above, it is not necessary that one 
end portion of an exit surface of the first prism and one 

iJ 
==, 

:„ end portion of an entrance surface of the second prism 

S P are in contact with each other. Thus, as long as one end 

ru 

p portion of an air gap between the first prism and the 

% 4 second prism is narrower than the other end portion 

C3 thereof, i.e., the air gap is, for example, in a wedge 

fy! shape, the advantageous effect of the invention can be 

H; attained. 

However, in practice, in order to form a wedge- 
shaped minute air gap, it is preferred that one end 
portion of the exit surface of the first prism and one 
end portion of the entrance surface of the second prism 
are in contact with each other. In this case, the 
interval between the exit surface of the first prism and 
the entrance surface of the second prism becomes "0" 
outside a ray-effective aperture, i.e., the exit surface 
of the first prism and the entrance surface of the second 
prism are in contact with each other outside the ray- 
effective aperture . 
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Further, a protrusion may be provided on the 
exit surface of the first prism or the entrance surface 
of the second prism outside the ray-effective aperture so 
as to set the interval therebetween, so that the 
positional accuracy can be enhanced. In addition, if the 
first prism and the second prism are made of a glass 
member, the positioning of the first prism and the second 
prism may be effected by sandwiching a spacer member or 
the like therebetween. In this case, the spacer member 
is so formed as to light-block the outside of the ray- 
effective aperture, so that flare or the like can be 
effectively removed. 

In each of the ninth to thirteenth embodiments 
described above, for example, as shown in Fig. 23, when 
the interval between a surface vertex of the exit surface 
12 of the first prism PI and a surface vertex of the 
entrance surface 21 of the second prism P2, which form a 
minute air gap, is denoted by Dg, the interval Dg 
satisfies the following condition: 

0 < Dg ^ 0.1 (unit: mm) . 

If the interval Dg is larger than "0.1", it is 
difficult to suppress the occurrence of a double image 
(ghost) due to the reflection of a ray inside the minute 
air gap, and to suppress the variation of aberration on 
the viewfinder pupil plane due to the difference in 
optical path length from the exit surface of the first 
prism to the pupil plane between right and left portions 
of a viewfinder field. 
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Further, in order to suppress ghost and the 
variation of aberration and to obtain a good viewfinder 
field, it is preferable that tjae interval Dg is not 
grater than "0.04". In additijon, in a case where the 
first prism and the second prism are made of a glass 
member, there arises a probleSa in due condensation if the 
minute air gap becomes too narrow. As a result, it is 
preferable that the interval/ Dg satisfies the following 

W Sw/ J. X VI -i- V— -1- v_/ A A • 

0.02 < Dg <, 0i04 (unit: mm). 



In each of the ninth to thirteenth embodiments 
described above, for example, as shown in Fig. 23, when 
an angle which the exit surface of the first prism and 
Ni the entrance surface of the second prism, forming the 

□ minute air gap, make with each other is denoted by 0g, 

ry the angle 9g satisfies the following condition: 

0' < 9g < 50' (unit: minute l 1 = (1/60)°). 

If the angle 9g is larger than 50 T , the air gap 
on the side of a portion wider in the wedge shape becomes 
too large, so that it becomes difficult to correct 
decentering aberration. It is preferable that the angle 
9g satisfies the above-described condition while the 
interval Dg between vertexes of the exit surface of the 
first prism and the entrance surface of the second prism 
satisfies the above-described condition. 

Next, an optical apparatus having each of the 
viewfinder optical systems described above, according to 
an embodiment of the invention, is described with 
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reference to Figs. 29(A) and 29(B). 

Fig. 29(A) is a front view schematically showing 
the optical apparatus, and Fig. 29(B) is a side sectional 
view schematically showing the optical apparatus. In 
Figs. 29(A) and 29(B), reference character 81 denotes a 
body (casing) of the optical apparatus, reference 
character 82 denotes a photographing optical system, 
reference character 83 denotes a viewfinder optical 
system according to each of the above-described 
embodiments, and reference character 84 denotes a film 
serving as a photosensitive plane. 

By applying the viewfinder optical system 
according to each of the above-described embodiments to 
the optical apparatus, it is possible to realize a 
compact, high-performance optical apparatus. 

According to the invention, as has been 
described above, it is possible to attain a viewfinder 
optical system in which, when an object image formed via 
an objective lens system is converted into a non-inverted 
erecting image to be observed through an eyepiece lens, 
by utilizing an image inverting unit having a first 
transparent body and a second transparent body which are 
disposed with an interval put therebetween, the second 
transparent body having only a function of transmitting a 
ray of light, the shape of at least one surface of the 
first transparent body and the second transparent body is 
a rotationally-asymmetrical surface, so as to enable a 
good viewfinder image to be observed over the whole range 
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of a field of view, while suppressing decentering 
aberration. 

Further, according to the invention, it is 
possible to attain a viewfinder optical system which is 
small in size and is capable of making a good viewfinder 
image to be observed over the whole range of a field of 
view, while having a high viewfinder image magnification 
and a wide angle of view. 

Further, according to the embodiments described 
above, an exit surface of the first prism and an entrance 
surface of the second prism are disposed with a wedge- 
shaped minute air gap put therebetween, one end portion 
of the wedge-shaped minute air gap being narrower than 
the other end portion thereof, so that it is possible to 
prevent, as much as possible, decentering aberration, 
such as astigmatism or coma, and ghost from occurring due 
to the minute air gap, and it is possible to allow a good 
viewfinder image to be observed. 

In addition, one of the first prism and the 
second prism functions as an image inverting unit, or an 
image inverting unit is disposed, separately from the 
first prism and the second prism, so that it is possible 
to shorten an optical path from the primary image forming 
plane to the eyepiece lens, and it is possible to allow a 
good viewfinder image to be observed while the viewfinder 
optical system has a high magnification range and a wide 
angle of view despite the reduction of the size thereof. 



